Mechanised production of peat for fuel consumption is associated with high concentrations oforganic dust, which is inhaled by the peat workers. In the present study 17 workers at two peat bogs in northern Sweden were examined. Personal sampling of total dust and the respirable fraction was performed during several workshifts. Dynamic spirometry was carried out before and at the end of shifts. Bronchoscopy with bronchoalveolar lavage (BAL) was performed in six subjects at the end of the working season and the results were compared with unexposed reference subjects. Peat workers using modern machines with ventilated cabins containing air filters were found to be exposed to low concentrations of peat dust. The recorded dust concentrations were below the threshold limit value for organic dust (5 mg/m' air) in all but one worker. The respirable fraction of peat dust recorded in the breathing zone of the workers correlated significantly with a decrease in forced expiratory volume in one second (FEV,). The effect on lung function in nonasthmatic peat workers was, however, small. The concentration of lysozyme positive alveolar macrophages in BAL fluid was significantly lower in the peat workers compared with reference subjects. An inverse correlation was found between the mentioned cells and exposure to the respirable fraction of the peat dust. Furthermore, one particularly dust
Peat has long been known to be a fuel for heating. During recent years it has become economically attractive as an alternative energy source and large scale production has been organised in countries such as Ireland, Sweden, Finland, Soviet Russia, the United States, and Canada. The modem methods for harvesting peat produce excessive amounts of organic dust in the air, which is inhaled by the peat workers. Documentation of the biological effects of peat dust has so far been scarce. In a Finnish study dust concentrations of two to five times the threshold limit value (TLV) of 5 mg/m' air has been reported.'
In that study and a follow up2 no evidence was found of chronic pulmonary disease or significant impairment of lung function. Cormier and coworkers from Quebec, Canada, did not detect any change in lung function, for peat moss workers as a group, but a high incidence of chronic bronchitis was found.' It has, however, been questioned as to whether the studies had sufficient sensitivity. The sensitivity may have been impaired by the fact that the populations were evaluated as a group without consideration ofthe fact that absence of lung function deterioration in workers less exposed to dust could have masked effects in more exposed workers. As dust exposure was not recorded with portable equipment in the individual workers, correlations between exposure dose and effects on lung functions could not be assessed. The question of whether peat dust may cause dose dependent impairment of lung function has therefore not been thoroughly studied.
The primary purposes of the present study were to measure the individual exposure to peat dust, to perform multiple lung function tests over time in each subject, and to investigate possible correlations between the dust exposure and lung effects. Because considerable interest has recently been focused on inflammatory lung conditions caused by inhalation of different types of organic dusts,' a pilot study on bronchoalveolar effects was included. (ODTS) . Six subjects from bog B, including the above mentioned supervisor, were examined with bronchoscopy and BAL. Thirteen healthy, nonsmoking subjects, aged 20-29, served as a reference source. None of the peat workers or the reference subjects had experienced any airway infection for at least six weeks before bronchoscopy. DUST 
MEASUREMENTS
Portable SKC high flow samplers, model 113, were used for recordings of total and respirable airborne dust concentations in the breathing zone during full workshifts. Sampling of dust was performed by drawing a measured volume of air through a filter by means of the battery powered portable sampler. The weight of the collected material was determined by weighing the filters before and after sampling. Because of the hydroscopic nature of these cellulose filters they were kept in a stictly air conditioned room before weighing. The filters were mounted in plastic holders and placed in the breathing zone of the workers. Cyclones were used for sampling of the respirable part of the dust. The filter for respiratory dust had pores of8 ,um diameter. Millipore filters with 0-8 gm pores were used for measurements of total dust exposure. The airflow ofthe pumps was adjusted with a rotameter (Rota L 6.3/250) to 2-5 1/min for total dust and 1-9 1/min for respirable dust measurement. Filters were changed after six to eight hours of sampling. The flow rates were examined when the pumps were changed. Deviations of the air flow greater than 10% for respirable dust and 20% for total dust caused the sample to be discarded. The minimal detection amount for dust with this method is 0 1 mg. was -0 37 (p < 0 02). A lower but still significant (p < 0 05) coefficient of -0-32 was found when the respirable dust concentrations of less than 0-1 mg/m3 were calculated as 0 mg/m3. With the two asthmatic workers included the p value was < 0-01. The FVC was not correlated with either the respirable fraction or total dust concentrations when the asthmatic workers were excluded.
BAL FLUID RESULTS
The mean recovery of BAL fluid was 124 ml (52%, range 30-65%) from the peat workers and 142 ml (60%, range 45-70%) from the controls. Table 2 shows the differential cell counts. All peat workers had normal neutrophil and eosinophil cell numbers, but a significantly lower proportion of lysozyme positive macrophages, as a % of all alveolar macrophages compared with the reference subjects (p < 0-01). By using the peat workers' recordings of the respirable fraction of peat dust and setting the dust amounts to zero for the unexposed reference subjects, an inverse correlation between these two parameters was detected (k = 0-68, p < 0-01). Subject 4, who was exposed to extremely high amounts of dust, had a pronounced increase in total cell numbers. This consisted almost entirely of alveolar macrophages. Among these only 1 % stained positive for intracellular lysozyme, which is far below the normal range. The total mast cell number was high and the fibronectin concentration in BAL fluid for this subject was well above the upper range of the reference subjects. Hyaluronan concentration in BAL fluid was normal in all peat workers.
Discussion
The average dust concentrations recorded in the breathing zone of the peat workers were well below the TLV despite the excessive dust production during harvesting. This confirms the effectiveness of the air filters in the ventilated cabins of the vehicles. Direct comparison with earlier studies regarding dust exposure of the workers cannot be made, as dust concentrations were previously only recorded with stationary equipment in the fields.'`These earlier recordings showed dust concentrations many times greater than the TLV. Only a bulldozer driver in our study, described above and in table 1 (subject 4), was exposed to dust concentration compatible with those. As other workers occasionally had to do work outside their vehicles, some moderate exposure still occurred (table 1). The two asthmatic workers responded to the work situation with slightly increased airway obstruction, which was not unexpected. The exposure did not cause any deterioration in lung function for the study population as a unit, which accords with other studies.'
Because the workers were not uniformly exposed to peat dust and absence of changes in lung function in less exposed workers could mask effects in more exposed colleagues, correlations between exposure dose and lung effects were sought. A significant correlation was found between the respirable fraction of peat dust and decrease in FEV, after a workshift. This response has not previously been reported. Although the effects on lung function were small the finding indicates that peat dust may act as a bronchoconstrictor even in healthy subjects.
Another indicator of the biological effects of peat dust was the evident reduction in lysozyme positive macrophages in BAL fluid, which significantly correlated with the exposure concentrations of respirable dust. This finding may well be part of a physiological response to the increased demands for alveolar macrophage clearance of dust particles in the air spaces. Lysozyme is known to be secreted during phagocytosis by macrophages. The reduced numbers of alveolar macrophages that stained positive for intracellular lysozyme are therefore believed to have been a consequence of the ingestion process of dust particles. Apart from this, no clear indications of ongoing inflammatory processes were found in the lungs of the workers, apart from the highly exposed bulldozer driver (subject 4, table 2). He had an extremely high number of alveolar macrophages together with a fibronectin concentration far above the range of the reference subjects. Even though no definite conclusions can be made from findings in the one highly exposed worker, some speculations can be made. It seems feasible that the high number of alveolar macrophages is a result of the need for clearance ofparticles. Because fibronectin is known to be secreted by activated macrophages'4 they may be the source of this protein, so frequently present in inflammatory processes. Other possible sources such as production by the bronchial epithelium after damage are also conceivable (Bjermer et al. Unpublished data). The high number of mast cells in this subject, despite absence of atopy or asthma, was probably an unspecific response to a noxious stimulus, as has previously been shown.7 1516 Finally it is important to note that the bronchoalveolar findings we present here do not in any substantial detail correspond with EAA or ODTS. "17 It is concluded that peat workers using modem machines with air filtered ventilated cabins are exposed to low concentrations of peat dust. The respirable fraction of peat dust recorded in the breathing zone of the workers correlated significantly with a decrease in FEV1. The effect on lung function in non-asthmatic peat workers was, however, small. Analyses ofBAL fluid showed a decrease in lysozyme positive alveolar macrophages in all examined peat workers, which correlated with the exposure to respirable dust. Furthermore, pronounced increases in alveolar macrophages, fibronectin concentration, and mast cells were found in one worker who was exposed to particularly high concentrations of dust. 
